Abstract -The two taxa, Narcissus poëticus and N. radiiflorus, although apparently quite morphologically distinct, grow together and there has been some debate as to whether they should be considered as a single or two separate species. In order to throw some light on this debate, a survey of amplified fragment length polymorphism (AFLP) was conducted to examine genetic diversity/similarity among 120 individuals of N. poëticus and N. radiiflorus obtained from two populations coming from sites separated by more than 100 km. In addition, a karyological study of the two taxa was carried out to determine chromosome number and morphology, the number of nucleoli and banding pattern with the fluorochromes chromomycin A 3 and DAPI. Using two AFLP primer pairs, a total of 103 clearly scorable fragments were amplified; of which 91 (88%) were polymorphic (78% if polymorphism is described as the most common band not present in more than 95% of individuals sampled). Cluster analysis and principal coordinates analysis of the calculated similarity matrix revealed there to be only a low level of genetic diversity between the entities constituting the populations and species. The genetic distance between the individual belonging to the different populations of the same species was slightly greater than that between species. Comparative chromosome analysis showed no differences in the two taxa at the cytological level.
INTRODUCTION
Members of the genus Narcissus have attracted the eye of man and been cultivated for many centuries. However, the classification of the genus is particularly complex and creates many problems for the taxonomist. The genus contains numerous taxa, many of which are of hybrid origin, both natural and artificial − many of these latter have subsequently become naturalised. The outcome of this confusion has been that the number of entities reported to represent "true" species has ranged from 20 to 60 according to the weight various authorities have given to particular morphological characters (Mathew 2002) .
At first glance, the species N. poëticus L. and N. radiiflorus Salisb., that are naturally found growing together, are morphologically quite distinct; that is, the former has tepals that are quite broad and overlap at their margins, while in the latter they are much narrower and do not overlap. The breadth of the leaves and the form of the corona are also used to distinguish the two entities. However, some authors consider the two taxa to be varieties of a single species that shows considerable morphological variation (Webb 1980) . More recently, Mathew (2002) , has argued that they should be considered distinct species, each exhibiting a notable level of variability.
Cytological studies have shown that there are no apparent differences in chromosome morphology (Cesca 1972) or in banding pattern with Giemsa and chromomycin A 3 (D'Amato 2004) .
In this study, we examined individuals belonging to N. poëticus and N. radiiflorus coming from two geographically distinct populations. Individuals were DNA "fingerprinted" using amplified fragment length polymorphisms (AFLPs). This reliable and informative multilocus technique has had wide application in both phylogenetic and population genetic studies being an optimum marker system for revealing small differences between individuals, populations and species (Winfield et al. 1998; Imazio et al. 2002) .
In addition, studies were made of basic karyotype in order to determine chromosome number and gross morphology, number of nucleoli and banding pattern with the fluorochromes chromomycin A 3 and DAPI.
Results are discussed with respect to their implications for the taxonomic treatment of the two taxa. Karyology -For chromosome counts and banding, root tips from bulbs from individuals of both species were treated as reported by D'Amato and De Dominicis (1996) ; fluorescence staining with DAPI and Chromomycine A 3 was performed according to Schweizer (1976) . Silver staining for nucleoli was according to Mehra et al. (1984) .
MATERIALS AND METHODS

Collection of plant material -
DNA extraction -DNA was extracted according to manufacturer's instructions using a Nucleon ® PhytoPure DNA Extraction Kit (Pharmacia). Approximate DNA concentration was determined by ethidium bromide staining of samples loaded onto agarose gels (Maniatis et al. 1982) .
AFLP analysis -AFLP analysis was performed as described by Zabeau and Vos (1993) and Vos et al. (1995) with the following modifications. Genomic DNA was restriction digested using the enzyme combination EcoRI (Pharmacia) and MseI (New England Biolabs, Inc.), and EcoRI and MseI adapters were ligated to the resultant fragments.
EcoRI adapter: 5'-CTCGTAGACTGCGTA-3' 3'-CTGACGCATGGTTAA-5' MseI adapter: 5'-GACGATGAGTCCTGAG-3' 3'-TACTCAGGACTCAT-5'
In order to restrict the DNA, approximately 500 ng of sample was added to a final volume of 25 µl containing 5U of EcoRI, 5U of MseI, 2.5 µl 10x "OnePhorAll" buffer (Pharmacia), and incubated for 2h at 37°C. To every sample, 5 µl of a ligation master mix containing 5 pM of EcoRI adapter, 50 pM of MseI adapter, 0.6 µl of 10 mM ATP, 0.5 µl 10x ligase buffer (660 mM Tris-HCl pH 7.6, 66 mM MgCl 2 , 100 mM DTT, 660 mM ATP), 0.5 µl T4 DNA ligase (USB) was added. Incubation was at 37°C for 6 hours.
Pre-selective amplification was performed with the primer combination E01/M02:
Amplification was carried out for 20 cycles under the following conditions: 60s at 92°C; 30s at 60°C; 60s 72°C. The DNA of every sample was added to a final volume of 25 µl containing 2.5 µl 10x Taq buffer, 1.5 mM MgCl 2 ; 37.5 ng each of the two primers, 0.2 mM of each dNTP, and 3U Taq DNA polymerase (Invitrogen).
Selective PCR was performed using two combinations of primer pairs; E35/M56 and E34/M53.
In both cases, T4 polynucleotide kinase (Amersham) was used according to manufacturer's instructions to end-label the Eco RI primer with [γ- 33 P]ATP. The polymerase chain reaction was carried out in a 20 µl volume containing 2 µl DNA template, 2 µl 10 x PCR buffer (200 mM Tris-HCl pH8.4; 5 mM KCl; 1.5 mM MgCl 2 ), 30 ng 33 P-labelled E primer, 30 ng of M primer, and 1 unit of Taq DNA polymerase (Invitrogen). Amplification was carried out using a Perkin Elmer 2400 thermocycler for 12 cycles with the following profile: denaturation at 94°C for 30s, annealing at 62°C for 30s, and extension at 72°C for 60s. The PCR was then continued for an additional 25 cycles with an annealing temperature of 56°C. Aliquots of the amplification products were separated on 6% denaturing acrylamide gels which, after drying, were exposed to Kodak Biomax film.
Data analysis -Bands in the polyacrylamide gels were scored as present (1) or absent (0), and the resultant data matrix analysed using the Genstat 5 statistical package (Payne et al 1993) . Levels of diversity were estimated as the percentage of polymorphic bands out of the total scored: polymorphism was estimated using two separate measures; a) the presence of a single sample with or without a band absent or present respectively in all other samples; b) a band was considered polymorphic if the most frequent allele was present in less than 95% of individuals examined (Hartl 1987) .
Similarity matrices were constructed for the two individual primer sets separately and for the combined data using the Jaccard coefficient (Sneath and Sokal 1973) . Cluster analysis was performed using the group average method (UPGMA) and dendrograms constructed. The combined similarity matrix was also input into principal coordinate analysis and the resultant first 3 components plotted. The binary matrix was also entered into PopGen32 and Nei's genetic diversity calculated: comparisons were made between; a) the two taxa at a single site; b) the individuals of the same taxa from the two sites; c) all the individuals of the same taxa regardless of site.
RESULTS
Morphology observations -Samples for study were exclusively collected from individuals exhibiting the distinguishing morphological characteristics of the two species (broad overlapping tepals vs narrow separate tepals). Although not carried out systemati- cally, it was noted that, in the two populations studied for this paper, individuals possessing intermediate forms were frequently encountered. Other morphological characteristics that have been used to help to distinguish the two entities also proved to be inconsistent. Dominicis et al. 2002; D'Amato 2000) , the karyotype of both species are 2n = 14 and have the same morphology and banding pattern (Fig. 1a and b) . That is, there are 4 pairs of submetacentric chromosomes, 2 pairs of metacentric chromosomes, and 1 pair of acrocentrics). The smaller of the two metacentric, referred to as chromosome G by D'Amato (2000) is satellited having terminal NORs on the short arm ( Fig. 1c and d) . Two of the submetacentric chromosomes, B and D according to D'Amato (2000) show single intercalary bands; chromosome B has the band on the long arm while chromosome D has it on the short arm.
Karyological data -As shown in other studies (De
AFLP analysis -Analysis of all individuals using primer set E35/M36 produced a total of 49 bands of which 46 (94%) were polymorphic (at the 95% definition of polymorphism, only 41 (84%) bands were polymorphic). Primer set E34/M53 produced 54 bands, of which 45 (83%) were polymorphic (39 (72%)). Using both primer sets, there were 103 bands; of which 91 (88%) were polymorphic (80 (78%) using the 95% criterion). In Table 1 , a breakdown of this is given for each population. For both species, there was more polymorphism in the populations at Monte Terminillo than at Monte Fogliano.
Cluster analysis, using only polymorphic band data, was performed for the two primer sets separately and for the combined data set for the 115 samples. Principal coordinate analysis for the combined data set revealed no distinct and separate clusters (Figs. 2 and 3) . Comparisons between the different species at the same site showed the clusters to be almost entirely superimposed (Figs. 2a and 2b) ; no separation was apparent along either of the first two axes. Same species comparisons of the geographically separated populations also revealed there to be very little difference. However, in the case of both species, the individuals at the extremes of the distribution along the first coordinate were exclusively of one population only (Figs. 2c and 2d) . Importantly, each principal coordinate accounted for only a small percentage of the variability in the data: the first three components accounted for 7.04%/7.69, 5.33%/6.68 and 4.81%/6.32 of the total variation respectively.
Estimates of Nei's genetic identity (GI) between the respective populations and species were very high (Table 2) . However, as with principal coordinate analysis, results indicated that, on average, individuals of the same species at the different sites were slightly less similar than individuals of the different species at the same site; e.g., the two populations of N. poëticus had a GI of 0.9751 while that for N. poëticus and N. radiiflorus at Monte Terminillo was 0.9888.
DISCUSSION
In other studies, for example in Astragalus cremnophylax var. cremnophylax by Travis et al. (1996) , (Winfield et al. 2003 ) the analysis of AFLPs has proved to be remarkably effective at distinguishing closely related, but separate taxa. It is, therefore, remarkable that there was so little difference between the two species studied here. Comparison between the two species at the same site, e.g., N. poëticus and N. radiiflorus from Monte Fogliano, failed to give any clear separation of the two taxa. In fact, populations of the same species were slightly more distinct one from another than were the individuals of the different species.
The karyotypes obtained in this study correspond exactly with those of De Dominicis et al. (2002) for N. poëticus and D' Amato (2004) for N. radiiflorus, and showed no obvious morphological or banding characteristics to separate the two species.
In addition, the presence of individuals at both sites that were intermediate in morphological characters between the two species as classically defined, and the natural hybridisation between the taxa, indicate that there is very little genetic difference between them.
Thus, given that there is no single character, morphological, karyological or molecular, that can be used to unambiguously define the two taxa, and the fact that they are completely interfetile, the most realistic treatment of the two taxa would be to consider them as a single species. The single species would have a wide morphological variability with the former taxa representing the extremes of that range as indicate by Fernandes (1975) .
It is interesting to note that, although the two populations lie more that 100 km apart, there is very little difference between them in terms of AFLP fragments. This could be accounted for by the type of habit, beech woodland, in which the species grow. This woodland has had extensive coverage in central Italy since the Pleistocene (Follieri et al. 1988; Magri 1998) , and although the two populations are now isolated and there can be no genetic exchange between them, they may well have been part of a much large and continuous single population in the not too distant past. Interruption in gene flow may well be a fairly recent phenomenon.
In conclusion, then, there is no substantial difference between the two entities and the separation into two species is not founded. On the basis of various lines of data it would be better if they were treated as a single species.
